There is a growing interest in understanding how microbial communities react to challenging 3 conditions, e.g., how they adapt to increasing levels of pollution. Genetic techniques such as processes (Stapleton and Sayler, 1998; Widada et al., 2002) . Such methods, however, have focused 15 mainly on the characterisation of the presence, or abundance of a family of catabolic genes (Sotsky 16 et al., 1994; Meyer et al., 1999; Mesarch et al., 2000; Beller et al., 2002; Marlowe et al., 2002; Baldwin 17 et al., 2003) without assessing the finer levels of sequence diversity. The diversity of catabolic gene 18 sequences often reflects differences in substrate specificity or affinity (Cerdan et al., 1994; Beil et al., 19 1998; Parales et al., 2000; Suenaga et al., 2002) , and single amino acid differences have been reported 20 to drastically change substrate specificity of toluene dioxygenase (Beil et al., 1998) , regioselectivity of 21 naphthalene dioxygenase (Parales et al., 2000) and toluene 2-monooxygenase (Pikus et al., 1997) , or 22 activity of muconate cycloisomerase (Kaulmann et al., 2001) . A more detailed picture of the 23 catabolic gene structure and sequence diversity in environmental samples will, thus, significantly 24 increase our knowledge of the functional potential of microbial communities. Moreover, shifts in 25 catabolic gene structure will allow the deduction of the evolutionary fitness of catabolic genes, 26 operons and their respective hosts. A variety of molecular fingerprinting approaches previously 27 developed to assess community structure, via the analysis of 16S rDNA or rRNA diversity, may be 28 applied to define functional gene structure (Widada et al., 2002) .
decades. Examination of their evolutionary relationships (Eltis and Bolin, 1996) showed that the 1 majority of extradiol dioxygenases with preferences for monocyclic substrates were, at the protein 2 level, phylogenetically closely related, constituting the so-called family of I.2 extradiol dioxygenases.
3
Subfamily I.2.A seems to be of particular importance for the degradation of monocyclic aromatic 4 compounds (Eltis and Bolin, 1996) . Members of this enzyme subfamily were reported to differ 5 significantly in their substrate specificity (Kitayama et al., 1996) and, thus, the metabolic network in 6 environmental communities will be significantly interconnected with the C23O diversity. Due to 7 their central role in aromatic catabolism, the catechol 2,3-dioxygenases (C23O) subfamily I.2.A 8 genes have been analysed in studies of diverse environments and their presence has been observed 9 in various contaminated sites (Chatfield and Williams, 1986; Wikstrom et al., 1996; Daly et al., 1997; 10 Okuta et al., 1998; Meyer et al., 1999; Cavalca et al., 2000; Mesarch et al., 2000) however, no 11 fingerprinting methods to generate reliable and characteristic profiles from different environmental 12 samples and to effectively extract predominant or specific gene sequences have been reported. In In order to analyse the sequence diversity of C23O genes in soils differing in contamination level, 28 the PCR-SSCP technique was optimised to generate fingerprints of C23O genes from total DNA 29 extracts. Even though (Fig. 1A) it was possible to resolve, e.g., the different 238 nucleotide C23O 30 gene single-strand conformations of P. putida mt-2 and P. putida HS1 fragments, which share a 31 DNA sequence similarity of 95%, PCR-SSCP resolution of single-strands from 13 reference strain
32
A high proportion (37 of 46 isolates) of the strains expressing meta-cleavage activity could use at 23 least one of the BTEX compounds as a sole carbon source (Table 1) , showing a high correlation 24 between those characteristics. The DNAs of the isolates were used as templates in order to amplify 25 C23O subfamily I.2.A gene fragments. Primer sets amplifying 238-bp, 527-bp and 583-bp fragments 26 all showed successful amplification in the majority (26 out of 37) of isolates capable to grow on 27 BTEX compounds. Some of the isolates exhibiting meta-cleavage activity and the ability to grow on 28 BTEX compounds (11 isolates) were not amplifiable with C23O specific primers. As, besides 29 members of C23O subfamily I.2.A, enzymes of subfamily I.2.C and I.3.B also have been shown to be 30 involved in the degradation of BTEX (Eltis and Bolin, 1996) it is highly probable, that this minor 31 fraction of isolates contain genes of these subfamilies. A high proportion of 14 isolates, 13 of them 32 carrying a C23O subfamily I.2.A gene, was capable, under the conditions tested, to grow only on similarities to ribosomal sequences of Pseudomonas spp.: 6 strains exhibiting ARDRA profile PS1, C23O sequence type, retrieved from 4 isolates, was related to the isolated branch of the P. putida G7
28
C23O gene in the I.2.A subfamily. This sequence type could also be detected by PCR-SSCP or in the 29 clone library ( Fig. 1F and 2A ) Two isolates contained C23O sequences, closely related to the P. 30 putida mt53 (only found by this method) or the P. putida H C23O gene, respectively (also found in 31 3 of 27 clones from 3Y PCR library). The general phylogenetic distribution of the sequences from 32 carbon source. Its C23O sequence is closely related to xylE genes of TOL plasmids pWW0 and 1 pWW53, and the catabolic phenotype of the isolate hints on the degradation of toluene and xylenes 2 via the respective benzoates and thus a localization of the gene in a operon similar to the classical 3 TOL pathway. Whereas there is a strong correlation between the degradative phenotype and the 4 C23O type observed, there is no such correlation between the exact phylogenetic position of the 5 isolates and the C23O gene variant they contain. As an example, strains 1YdBTEX2 and 1YB3 had 6 exactly the same 16S rDNA sequence, but differed in growth phenotype and C23O gene comprised.
7
On the other hand, 1YdBTEX2 and 3YdBTEX1 harboured the same C23O gene and shared the same 8 growth phenotype, but differed in their 16S rDNA sequences and probably belong to different 9 Pseudomonas species.
10
As there is a strong relationship between type of C23O present and growth phenotype, the question 11 should be answered if, and in which way this gene and gene product or the operon it is located in,
12
influences the growth phenotype. It could be reasoned that observation of C23O is just fortuitous 13 and that growth on benzene only is due to an induction of a catechol ortho-cleavage route, a 14 pathway reported not to be suited for the degradation of methylaromatics including toluene 15 (Knackmuss et al., 1976 showed that all those isolates exhibited high C23O activity (1000 -4000 U/g protein), but negligible 18 catechol 1,2-dioxygenase activity (< 50 U/g protein) during growth on benzene and thus use a meta-19 cleavage pathway. Two isolates, 1YB2 and 1YdBTEX2, representing type A1 and type A2 hosts,
20
were selected for further analysis. Both strains showed a high constitutive expression of catechol 2,3-21 dioxygenase of 650 and 2900 U/g protein, respectively, only slightly lower than the activity during 22 growth of benzene (Table 2 ). The C23O genes of both strains were overexpressed in E.coli and the 23 gene products compared to those expressed during growth on glucose or benzene. Despite the 24 difference in only one amino-acid residue, the substrate specificities of the overexpressed type A1 25 and type A2 enzymes differed significantly (Table 2) . Whereas the type A2 His218 variant of 26 1YdBTEX2 showed, among the substrates tested, the highest activity with catechol, the type A1
27
Tyr218 variant of 1YB2 exhibited highest activity with 4-methylcatechol and a relatively elevated 28 activity with 3-methylcatechol. An influence of this amino acid on substrate specificity was not 29 expected from the reported crystal structure of the C23O of P. putida mt-2 (Kita et al., 1999 Reference strains used in this study were P. stutzeri AN10 (Bosch et al., 2000) , P. putida CF600
5
( Bartilson and Shingler, 1989) , P. putida G7 (Ghosal et al., 1987), P. putida H (Herrmann et al., 6 1995), Pseudomonas sp. IC (Carrington et al., 1994) , P. aeruginosa JI104 (Kitayama et al., 1996) ,
7
Sphingomonas sp. KF711 (Moon et al., 1996) , P. putida mt-2 (Nakai et al., 1983) , P. putida mt53 et al., 1985) , P. stutzeri OM1 (Ouchiyama et al., 1998) 
P. putida HS1 (Benjamin et al., 1991) and P. putida 3,5X (Hopper and Kemp, 1980) . Bacterial strains 10 were cultured on R2A agar at 30°C for 3 days, and stored at -70°C in glycerol stocks (Sambrook et 11 al., 1989) .
12
Soil samples were collected from the unsaturated (X) and the capillary fringe (Y) horizons from an et al., 1996; Okuta et al., 1998; Meyer et al., 1999; 4 Mesarch et al., 2000) , a set targeting a 238-bp fragment, reported to be designed based on a multiple 5 DNA sequence alignment of 8 reference was tested (Mesarch et al., 2000) . This primer pair 6 amplified the expected PCR product size from all 13 reference strains, including P. putida G7 C23O by instant cooling on water ice bath for 3 minutes. The separation conditions were standardised in a
35
DCode System for PCR-SSCP (Bio-Rad) coupled to a cooling bath device (Lauda E100).
36
Optimised running parameters were 120V (10 mA) for 18 h at a constant temperature of 26°C on 20 37 cm x 20 cm x 0,75 mm 0.6X MDE gels in 0.7X TBE (Sambrook et al., 1989) as a running buffer.
Optimal results were obtained when ssDNA obtained from 100 -400 ng dsDNA was loaded onto the 1 gels and a slightly enhanced resolution was achieved when the amplified single-strands of the 2 reverse primer were subjected to PCR-SSCP analysis. For nucleic acid detection, gels were silver 3 stained as reported previously (Bassam et al., 1991) . Single-strand electrophoretic mobilities 4 corresponding to different conformations were excised from dried gels, and DNA extracted by the 5 "Crush and Soak" method (Sambrook et al., 1989) . PCR reamplification of the excised and eluted 6 single-strands was made with the same primers used to generate the original dsDNA fragment. Luria broth medium containing 1 mM IPTG and 0.1 mg/ml ampicillin. Cells harvested from 100 -6 200 ml of medium were resuspended in potassium phosphate buffer (50 mM, pH 7.5), and disrupted 7 using a French press (Aminco, Silver Spring, MD, USA). Cell debris was removed by centrifugation 8 at 100,000 x g for 1 h at 4 º C. Catechol 2,3-dioxygenase activity was determined in 50 mM K/Na-phosphate (pH 7.5) with 0.1 mM 14 of catechol, 3-methylcatechol, 4-methylcatechol or 4-chlorocatechol as substrates, using extinction 15 coefficients of reaction products previously described (catechol, ε 375nm = 36,000 M -1 cm -1 ; 3-16 methylcatechol, ε 388nm = 13,800 M -1 cm -1 ; 4-methylcatechol, ε 382nm = 28,100 M -1 cm -1 , , 4-17 chlorocatechol, ε 379nm = 39,600 M -1 cm -1 (Hirose et al., 1994; Heiss et al., 1995) . Catechol 1,2-18 dioxygenase was analyzed as previously described (Dorn and Knackmuss, 1978) . Kinetic Cavalca, L., Di Gennaro, P., Colombo, M., Andreoni, V., Bernasconi, S., Ronco, I., and Bestetti, G. 
Strains were designated according to sample origin and aromatic cosubstrates included during isolation on 54 R2A plates prior as described in the experimental procedures. Growth was determined on solid mineral 
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A C T A * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * PCR products obtained from reference strains, isolates and soil DNA using a primer set targeting a 527-bp fragment of C23O. Lanes 2 to 11, 16 to 25, and 27 contain respectively amplifications from P. stutzeri AN10, P. putida CF600, 27 contain respectively amplifications from P. stutzeri AN10, P. putida CF600, P. putida G7, Pseudomonas sp. IC, P. putida H (PG320), P. putida KT2440 plus pPGH11 (PG125 P. putida H), E. coli JM109 plus pCNU401 (Sphingomonas sp. KF711), P. aeruginosa JI104, P. putida mt-2, P. putida mt53, P. stutzeri OM1, P. stutzeri OX1, P. putida HS1, P. putida 35X from Shingler Lab, P. putida 3,5X from Hopper lab, Isolate A1YC1, Isolate A2YC1, Soil 1Y, Soil A3Y, Soil A1Y, and P. putida KT2440 TOL+. Any amplification bt i d i t i li t f ti t l (d t t h ) L 1 12 was obtained in triplicates of negative controls (data not shown). Lanes 1, 12, 15 and 26 were loaded with 200 ng of molecular weight marker V (Roche), lanes 13, 14, and 28 were loaded with 250 ng of O´rangeRuler 50bp DNA ladder (MBI Fermentas).
Supplementary online material 3
SSCP profiles of a 238b C23O fragment PCR amplified using as template DNA extracted from (lanes 1 to18) P. putida AN10, P. putida CF600, P. putida G7, Pseudomonas sp. IC, P. aeruginosa JI104, Sphingomonas sp. putida G7, Pseudomonas sp. IC, P. aeruginosa JI104, Sphingomonas sp. KF711, P. putida mt2, P. putida mt53, P. stutzeri OM1, P. stutzeri OX1, P. putida H, P. putida HS1, P. putida 3,5X, Isolate A1YC1, Isolate A2YC1, equivalent mixture of all the previous fragments, Soil A1Y and Soil A2Y. Lanes M were loaded with 40 ng of molecular weight marker X (Roche)
